The seeds of Dichapetalum toxicarium (also called ratsbane) have been known for long (Power & Tutin, 1906) to have toxic properties which bear a general resemblance to the effect of fluoroacetate found in the leaves of the South African plant Dichapetalum cymo8um (Gifblaar), a potent cattle poison (Marais, 1944) . Some of these seeds became available to us from Sierra Leone, by the kindness of Sir John Simonsen, F.R.S., and the Government Departments concerned (for a photograph of these seeds see Peters, 1954) ; and we have tried to isolate and characterize the active principle. In this paper, we describe the separation of a fraction containing a long-chain fluoro fatty acid. This work was finished in 1954, and has been communicated in part to the Biochemical Society (Peters, Wakelin, Birks, Martin & Webb, 1954) . Further work on the composition of the fraction will be reported later.
METHODS

Citric acid estimation
This was done by the method of Pucher, Sherman & Vickery (1936) , as modified by Buffa & Peters (1949) . The chemical substances used were A.R. where possible.
Methods of testing and controls
The biochemical tests for toxicity in vitro were done with dispersions of kidney particles (from the guinea pig) with fumarate as the substrate upon the assumption that an accumulation of citrate is an indication of the formation of fluorocitric acid (for details see Peters & Wakelin, 1957) . It was found that as little as 0-0118 ,umole of a synthetic longchain fatty acid such as w-fluorodecanoic acid could produce a marked accumulation of citric acid in 3 ml. of test medium (Table 1) ; this would be equivalent in terms of F to approximately 1-0 pg. of fluoroacetic acid, and hence it differed from the effect of fluoroacetic acid, where much larger amounts must be added to give such citric acid accumulations, presumably because the enzymes in the centrifuged kidney particles contain a low concentration of the fluoroacetate-activating centres.
In a subsequent experiment, it was proved by the use of brain particles from the pigeon (Peters & Wakelin, 1957) that fluorocitric acid was synthesized from cw-fluorodecanoic acid by the kidney particles (Table 2 ). This experiment shows the formation in 0-2 ml. of the contents of the flasks from the first experiment of an amount of fluorocitric acid Table 1 . Effect of o-fluorodecanoic acid in preventing metabolism of citrate by particles of guinea-pig kidney Each flask contained 1-9 ml. of enzyme (made up in 1-0% KCI containing 0-05S-sodium phosphate buffer, pH 7-2), 0-1 ml. of MgC12 (4-Opmoles), 0-1 ml. of adenosine triphosphate (ATP; 1-2 pmoles), 0-2 ml. of sodium fumarate (20 pmoles), and additions of 0-02-0-1 ml. and 1% KCI (0-134M) to make up the volume to 3-0 ml. Experiments were run for 40 min. at 380, after which trichloroacetic acid was added, and citric acid estimated in the filtrate. causing an extra accumulation of 2-22 pmoles of citric acid. In an experiment with brain particles and substrates pyruvate and fumarate, together with varying amounts of fluorocitric acid (enzymic), 5 pg., 2-51pg. and 0-5pg. of fluorocitric acid gave accumulations of 2-43, 2-11 and 1-16 pmoles respectively. By using 2-5 pg. as equivalent approximately to the value found in the brain experiment, it can be calculated that each flask contained 37-5 pg. of fluorocitric acid, a 34% conversion from the total wfluorodecanoic acid added.
The point arose also whether there could be some nonspecific effect of any non-fluorine-containing fatty acids on the synthesis of citric acid. The results of some control experiments are included in Table 3 . They show that the long-chain saturated fatty acids, in amounts up to 50pg./ 3-0 ml., do not interfere appreciably. With sodium oleate, it was not safe to use an amount over 25pg./3.0 ml.
(0.027 m-mole). Since the effects in our tests were obtained with much less acid than this, it is clear that they were specific.
RESULTS UPON SEED EXTRACTS
It was found that the husks were not toxic (Peters, 1954) ; but that rats died, sometimes with oedema, after ingesting 0-5 g. of the ground seeds mixed with rat cake. In the belief that the toxic principle was fluoroacetic acid, aqueous extracts of the ground seeds were made, and proved to be relatively non-toxic. This was a difference from the leaves of the Dichapetalum cymosum, where the fluoroacetic acid is extracted by water. Thinking that this implied that a fluoroacetyl group was combined with some constituent of the seed which required digestion, we incubated the ground seeds with liquor pancreaticus; the aqueous extract of this proved toxic. It was fractionated by a modification of the method of Marais (1944) . An attempt was made to fractionate by shaking into alkali, stopping short at approximately pH 6-5, upon the idea that the fluoroacetic acid would be completely ionized at this pH and would be extracted selectively. The final substances obtained in this way were then fractionated, removing fractions soluble in small volumes of 96 % ethanol.
In the end, from about 55 g. of the ground seeds approximately 1-4 mg. of crystals, m.p. 1940, which resembled potassium fluoroacetate (m.p. 2100) were obtained (Found: F, 12-7 ± 3-1. Calc. for C2H2OFK: 16-4 %). The fluorine content was higher than that for a long-chain fatty acid. There seemed no doubt that this was an impure specimen of potassium fluoroacetate.
Though the losses were unquestionably great in this isolation, the amount of fluoroacetate was much too low to account for the total toxicity. We then found that a light-petroleum extract of the ground seeds after removal of the solvent killed rats with increases of citric acid, especially in the heart. The clinical picture for the relative amounts of citric acid in heart and kidneys was reversed, as compared with that usually found after injection of fluoroacetate. After filtration, the light petroleum was removed from the extracts. The toxic principle in the residual fat withstood heating for 6 hr. with 1 vol. of 10 % KOH + 4 vol. of methanol, and the mixed fatty acids obtained contained 0-14 %of F.
Fatty acids shaken into ether from the saponified residue after the acidification proved toxic but could not be separated by the solvents then tried.
Some of this material was therefore subjected to fractionation by reversed-phase chromatography (Howard & Martin, 1950) , the various fractions extracted being tested upon the kidney system. The toxicity ran in the C,2-Cl3 fatty acid fraction (Fig. 1) . A fluorine analysis of this fraction, based upon the titration figures calculated for a mol.wt. 300, gave a figure of 6-6 %, indicating that the crude fat contained about 2 % of the toxic substance.
Attempts to run the fluoro fatty acids on the gas chromatogram were unsuccessful.
Examples are given in Table 4 of tests upon two cuts obtained in another experiment by reversedphase chromatography from the column. Tests were made upon a theoretical 2-5 ,Lg. in 0-05 ml. of 50 % ethanol, as calculated again on the assumption that the molecular weight was 300. On the basis of these tests which differentiated the cuts very sharply, it appeared that, by extrapolation from the effect of 1-25 ,g. even 0-6 ,ug. of the active substance might produce a citrate accumulation of Analyses of some synthetic fluoro fatty acids by reversed-phase chromatography showed that the presence of fluorine made the fatty acids appear in the fraction with 3 carbon atoms less than the nonfluorinated and saturated fatty acids, i.e. C18 ran with Cl5, C12 with C9 (Fig. 2) . At this stage, it appeared therefore that the fatty acid concerned was an acid containing at least 16 carbon atoms, and was quite different from fluoroacetic acid, the toxic principle of Dichapetalum cymosum. 2. Upon injection into rats, or administration in the food, it induced large citric acid accumulations, especially in the heart. The toxicity is therefore due presumably to a conversion into fluorocitric acid.
3. With kidney particles from the guinea pig, the fluoro fatty acid fraction induced citric acid accumulations.
